Rationale Excessive alcohol consumption is less common among aged compared to young adults, with aged adults showing greater sensitivity to many behavioral effects of ethanol. Objectives This study compared the discriminative stimulus effects of ethanol in young and middle-aged adult cynomolgus monkeys (Macaca fascicularis) and its γ-aminobutyric acid (GABA) A receptor mediation. Methods Two male and two female monkeys trained to discriminate ethanol (1.0 g/kg, i.g.; 60-min pre-treatment interval) from water at 5-6 years of age (Grant et al. in Psychopharmacology 152:181-188, 2000) were re-trained in the current study more than a decade later (19.3±1.0 years of age) for a within-subjects comparison. Also, four experimentally naïve middle-aged (mean ± SEM, 17.0±1.5 years of age) female monkeys were trained to discriminate ethanol for between-subjects comparison with published data from young adult naïve monkeys. Results Two of the naïve middle-aged monkeys attained criterion performance, with weak stimulus control and few discrimination tests, despite greater blood-ethanol concentration 60 min after 1.0 g/kg ethanol in middle-aged compared to young adult female monkeys (Green et al. in Alcohol Clin Exp Res 23:611-616, 1999). The efficacy of the GABA A receptor positive modulators pentobarbital, midazolam, allopregnanolone, pregnanolone, and androsterone to substitute for the discriminative stimulus effects of 1.0 g/kg ethanol was maintained from young adulthood to middle age. Conclusions The data suggest that 1.0 g/kg ethanol is a weak discriminative stimulus in naive middle-aged monkeys. Nevertheless, the GABA A receptor mechanisms mediating the discriminative stimulus effects of ethanol, when learned as a young adult, appear stable across one third of the primate lifespan.
Introduction
Aged adults are less likely to engage in heavy drinking and have lower incidence of alcoholism compared to young adults (Grant et al. 2006 ; Center for Disease Control and Prevention 2010). However, the prevalence of alcohol abuse is increasing among older adults (Grant et al. 2004 ), a trend predicted to continue for the next decade with the aging baby boomer population (Groerer et al. 2003) . Further, the negative health consequences of heavy drinking (e.g., impaired psychosocial functioning, depression, sleep disorders, cognitive impairment) occur after lower levels of consumption in aged adult females compared to males (Blow and Barry 2002) . Peak blood-ethanol concentration (BEC) and area under the curve are greater in older (≥60 years) compared to younger (21-40 years) men and women when fasted but not after a meal (Lucey et al. 1999) , while alcohol-induced memory impairment appears greater in aged compared to young adult women at the same BEC (Jones and Jones 1980) .
Research on the neural mechanisms mediating the effects of ethanol has primarily been conducted in young adult subjects, leaving gaps in our understanding of the effects of aging on the neuropharmacology of ethanol.
Key receptors mediating the behavioral effects of ethanol are γ-aminobutyric acid (GABA) A receptors (Grant 1999; Kumar et al. 2009 ), pentameric Cl − channels with distinct putative binding sites for, and receptor subunit conformations sensitive to, barbiturates (e.g., pentobarbital), benzodiazepines (e.g., midazolam), neuroactive steroids (allopregnanolone, pregnanolone), and possibly ethanol (Mennerick et al. 2004 ; Thompson et al. 1996; Belelli et al. 2002; Möhler et al. 2002; Akk et al. 2007; Jung and Harris 2006) . Aging reportedly has mixed effects on the subunit composition and sensitivity of GABA A receptors. For example, compared to young adults, aged rodents (Mhatre and Ticku 1992; Yu et al. 2006 ) and humans (Kanaumi et al. 2006) show differential GABA A receptor subunit expression and increased pharmacological sensitivity to GABA A receptor ligands (Albrecht et al. 1999) . Expression of GABA A receptor subunit genes also varies with hormonal treatment in rhesus macaques (Noriega et al. 2010) . The decline in reproductive hormones during aging in adult females and males (Schumacher et al. 2003 ) may be associated with altered GABA A receptor expression and correlate with increased sensitivity to the behavioral effects of ethanol. However, in 24-compared to 5-year-old rhesus monkeys, there was lower α 1 immunolabeling in the hippocampus (Rissman et al. 2006) , an outcome that would predict decreased sensitivity to positive GABA A receptor modulators, including ethanol . Drug discrimination studies provide valuable information about the receptor-mediated basis of the subjective effects of psychoactive drugs. A limitation of drug discrimination studies is that the receptor mechanisms mediating discriminative stimulus effects are not always identical to those mediating self-reported subjective effects (Kelly et al. 2003) , and the relationship between discriminative stimulus and reinforcing effects of drugs is unclear. Nonetheless, in all species studied, positive modulators of GABA A receptors produce ethanol-like discriminative stimulus effects (Grant 1999; Grant et al. 2000) . There are only a couple of studies that have addressed aging and sensitivity to the discriminative stimulus effects of ethanol. On the younger end of the developmental spectrum, 3-and 9-month-old female mice required a similar number of training sessions to acquire discrimination of 1.0 g/kg ethanol (Groseclose and Middaugh 1997) . Using a within-subjects design, rats trained to discriminate 0.60 g/kg ethanol showed similar sensitivity to ethanol at approximately 12 and 28 months of age (Schechter et al. 1989) . In both studies, substitution tests with drugs other than ethanol were not conducted.
The present study investigated acquisition of ethanol discrimination in middle-aged monkeys and the effects of aging on a previously acquired ethanol discrimination. Specifically, two male and two female monkeys that were trained to discriminate ethanol from vehicle at 5-6 years of age were retested over a decade later. In addition, published data from young (5-6 years of age) adults (Grant et al. 2000 were compared with data from four naïve middle-aged (13, 17, 18 , and 20 years of age) monkeys. Drug-specific changes in efficacy or potency to substitute for the discriminative stimulus effects of ethanol could suggest changes in GABA A receptors with age.
Materials and methods

Subjects
Adult cynomolgus monkeys (Macaca fascicularis; male, n=2; 6.2 and 7.2 kg; 18 and 21 years of age; female, n=6; 2. 8-5.2 kg; 13, 17, 17, 18, 20 , and 21 years of age; Table 1 ) purchased from World Wide Primates (Miami, FL) were housed in stainless steel quadrant cages (1.6×0.8×0.8 m) modified for social housing in a humidity-(65%) and temperature-(22°C) controlled room set to a 12-h light-dark cycle (lights on, 0700 hours). The monkeys were housed individually (males) or in pairs (females). Monkeys housed individually had auditory and visual or tactile contact with conspecifics. The monkeys' daily diet included nutritionallycomplete biscuits or banana-flavored pellets (Bio-Serv, Frenchtown, NJ) and fruit. The monkeys were fed once daily but had unlimited access to water except during training and testing. For the within-subjects study, four monkeys (two male, 25078 and 25079; two female, 25057 and 25070; (National Research 1996) .
Apparatus
Training and test sessions were conducted 5-6 days/week in ventilated and sound attenuating chambers (1.50×0.74× 0.76 m; Med Associates, Inc., St. Albans, VT) that accommodated a primate chair (1.17×0.61×0.61 m; Plas Labs, Lansing, MI). The front panel of the chamber (0.48× 0.69 m) contained two retractable levers, a set of three lights (amber, green, and red) above each lever, and a centrally located white light. Two house lights were mounted near the ceiling at the rear of the chamber. Reinforcers (1-g pellets, Bio-Serv) were delivered to a tray on top of the primate chair via vinyl tubing from a feeder set outside of the chamber. A PC-or Macintosh-compatible computer connected to an interface (Med Associates) and programmed with LabView software (National Instruments, Austin, TX) controlled event scheduling and data acquisition.
Procedure Experimental design
All monkeys (25057, 25060, 25070, 25075, 25082, 25083, 25078, 25079) were trained to discriminate 1.0 g/kg ethanol (20% w/v, 5 ml/kg) from water with a 60-min pre-treatment interval. Female monkeys 25060, 25075, 25082, and 25083 were ethanol-naïve at the beginning of the experiment (Table 1 ). Both male (25078 and 25079, previously 4995 and 4865, respectively, 1.0 g/kg ethanol discrimination) and two of the female (25057 and 25070, previously 2830 and 5400, 1.0 and 2.0 g/kg ethanol discrimination, respectively) monkeys were previously trained (Grant et al. 2000) .
Discrimination training
Before each session, the monkeys were seated in a primate chair. The monkeys were habituated to nasogastric (i.g.) gavage, in which an infant feeding tube (5 French, 1.7× 381 mm) was passed down one nostril through the esophagus and into the stomach. Monkeys 25057, 25070, 25078, and 25079 began the study with discrimination training sessions. For the other monkeys (25060, 25075, 25082, and 25083) , the response requirement for each reinforcer was increased from fixed ratio (FR)-1 to a final schedule of FR-20 to FR-65. Simultaneously, the pretreatment interval was introduced in 5-min increments over 12 sessions for 25060, 25075, and 25083. The house lights were illuminated after each pre-treatment and until the end of the session. The center light above the lever shut off (<1 s) after the FR requirement was completed and a banana pellet was delivered. Due to low response rate, the pre-treatment interval was omitted for 25082 during shaping of the operant response beginning on session 35. Once responding was reliable, the pre-treatment interval was incremented in 10-and 15-min intervals over five sessions at the final FR for this monkey (25082). The FR was chosen for each monkey to result in approximately 5-min training sessions to capture a consistent ethanol stimulus as the basis of discrimination. Males and females, respectively, received a maximum of 20 and 10 pellets each session. Sessions ended after all the pellets were delivered or 30 min. Response training was complete when response For naïve monkeys, tap water (5-10 ml/kg, i.g.) was administered during the first five consecutive sessions of discrimination training. After each ethanol or water gavage, a banana pellet was given to mask any taste differences between the water and ethanol and the monkey was wheeled into the chamber. After 60 min, the "water-appropriate" lever extended into the chamber, and the lights above the lever were illuminated. For subsequent sessions, ethanol (0.50 and 0.75 g/kg for two sessions each, 1.0 g/kg for five sessions) was administered and 60 min later, only the "ethanol-appropriate" lever was extended and the lights above the lever illuminated. Monkey 25083 failed to respond on the lever after the series of ethanol administrations, so it was repeated after a water training session. Subsequently, 25083 responded at her pre-ethanol rates.
For discrimination training sessions, with which previously trained monkeys began the study, ethanol or water was administered (i.g.) and after 60 min, all lights above the levers illuminated and both levers extended simultaneously. Completion of the FR on the appropriate lever resulted in delivery of a pellet. Responses on the inappropriate lever reset the response count on the appropriate lever to zero. Ethanol and water training sessions alternated after two consecutive sessions with either condition. However, if ≥90% of the responses during the entire session and ≥70% during the first FR were on the appropriate lever, the training condition was changed for the next session. Discrimination training was complete when these criteria were satisfied for five consecutive sessions. For monkeys failing to acquire ethanol discrimination, the number of training sessions was limited by the time required to complete substitution testing in the other monkeys.
Discrimination testing
Tests were conducted after two sessions with criterion performance. If the performance criteria were not met during a single session, three consecutive sessions with criterion performance were required prior to the next test session. A maximum of 50% of doses tested were administered after both ethanol and water training sessions (by chance, 65% of tests after ethanol training).
Blood-ethanol concentration
As in Green et al. (1999) , BEC time course studies overlapped the pre-treatment period for ethanol discrimination training sessions after ≥48-h abstinence from ethanol in the fasted state, i.e., the most recent meal was the evening prior to the day of the time course. Five-hour BEC time course studies were repeated in individual monkeys to study ethanol pharmacokinetics by menstrual cycle phase (measured serum progesterone within 24 h of BEC). Blood samples (20 μl) were collected from the saphenous vein 15, 30, 60, 90, 120, 180, 240 , and 300 min post-gavage (1.0 g/kg ethanol, i.g.). When the monkeys were in the discrimination chamber, the door was opened and the sample was obtained without removing the monkey (<2 min). The blood was sealed in an air-tight vial (20 μl 10% isopropanol internal standard and 0.5 ml distilled water) and stored at 4°C until assayed via headspace gas chromatography (Hewlett-Packard 5890 Series II, with flame ionization detector and Hewlett-Packard 3392A integrator).
Menstrual cycle characterization
Menstrual cycle data were recorded to determine whether any age differences in ethanol discrimination or substitution efficacy or potency were due to hormonal changes. The monkeys were trained with positive reinforcement to participate in daily vaginal swabbing for menses while in their home cage. Menstrual cycle days were determined by counting backward from menses (Grant et al. 1997) because the duration of the luteal phase (ovulation to menses, reverse cycle days 1-14) is very consistent (Leibenluft et al. 1994 ). In accordance with Green et al. (1999) , the late follicular phase included the days before the luteal phase, including ovulation, and up to reverse cycle day 22 (reverse cycle days 15-22). The remaining days in the cycle, plus menses, corresponded to the early follicular phase (reverse cycle days 23-37). Approximately 3 days per week, blood (1 ml) was collected from the femoral vein (22-gauge needle, EDTA-coated Vacutainer tube) while monkeys were seated in the primate chair. The blood was allowed to clot and then centrifuged (3,000 rpm, 15 min) and frozen at 4°C until assayed. Serum progesterone <2 ng/ml indicated early or late follicular, whereas >4 ng/ml indicated luteal phase. Serum concentrations of progesterone were measured by the Endocrine Technology and Support Core at the Oregon National Primate Research Center using an Immulite 2000, a chemiluminescencebased automatic clinical platform (sensitivity, 0.2 ng/ml; intra-and inter-assay variation <15%; Siemens Healthcare Diagnostics, Deerfield, IL). Validation of progesterone includes a comparison of monkey serum samples analyzed coordinately by an Immulite 2000 and a Roche Elecsys 2010 analyzer (chemiluminescence-based clinical platform; Hoffmann-La Roche, Basel, Switzerland) (Jensen et al. 2008 ).
Drug treatment
Ethanol (95%) was diluted to 20% (w/v) with tap water and administered in a 5-10-ml/kg (i.g.) volume, followed by 3 ml of tap water. Allopregnanolone (0.30-3.0 mg/kg), pregnanolone (1.0-30 mg/kg), and androsterone (1.0-30 mg/kg; Steraloids, Newport, RI) were dissolved in 45% hydroxypropyl beta-cyclodextrin (Sigma, St. Louis, MO) (≤5 ml/kg, s.c.). Purified allopregnanolone and pregnanolone were obtained from R.H. Purdy. Pentobarbital (Sigma) and midazolam (Sigma) were dissolved in saline (5 ml/kg, i.g.).
Statistical analyses
The percentage of total responding on the ethanol-appropriate lever (total responses on the ethanol-appropriate lever/total responses) was calculated for each monkey and test session during which ≥1 reinforcer was obtained (≥82% of sessions). When a drug was completely substituted for ethanol, the dose resulting in 50% ethanol-appropriate responding (ED 50 ) was calculated via linear interpolation between the two doses encompassing the 50% effect (Excel). Some sessions (0-13/monkey) were omitted from the analysis due to equipment malfunction, interfering behavior of the monkey (e.g., dismantling the tubing that delivers banana pellets), or experimenter error. Percent ethanol-appropriate responding, progesterone and BEC were analyzed across menstrual cycle phase and pre-treatment drug with repeated measures ANOVAs. Sex differences in peak BEC were analyzed using independent samples t-test. When variance in BEC differed between the sexes, the Satterthwaite approximation of standard error was used, as reflected in the degrees of freedom. Main effects and interactions were evaluated with Bonferroni-corrected pairwise comparisons. Statistical analyses were conducted using SAS 9.2. For all tests, α<0.05.
Results
Figure 1 shows ethanol-appropriate responding aggregated across five-session bins for each monkey, counting backwards from the last training session. Since the total number of training sessions was not necessarily divisible by five, the first data point for each monkey may represent fewer than five sessions. Also, because the maximum number of consecutive ethanol or water training sessions was two, sessions contributing to the same session bin did not necessarily occur on consecutive days. Lastly, four out of eight monkeys attained criterion performance during more ethanol than water training sessions, resulting in a greater number of water training sessions. Previously-trained monkeys completed discrimination training in 27, 177, and 29 sessions for 25057, 25078, and 25079, respectively. Monkey 25070, previously trained to discriminate 2.0 g/kg ethanol and failed to acquire 1.0 g/kg ethanol discrimination after 283 sessions. Two naïve monkeys (25075, 25082) failed to acquire ethanol discrimination after 189 and 204 sessions, respectively. The other two naïve monkeys (25060, 25083) completed discrimination training in 250 and 90 sessions, respectively, and testing occurred three times in 47 sessions and 13 times in 197 sessions (15 sessions/test). In contrast, previously-trained monkeys had 39 tests in 216 sessions (25057, 5.5 sessions/ test), ten tests in 74 sessions (25078, 7.4 sessions/test) and 31 tests in 234 sessions (25079, 7.5 sessions/test). As described in "Materials and methods," the number of training sessions allowed was determined for each monkey by health issues (25075) or the time required for the other monkeys to complete substitution testing.
A majority of menstrual cycles in four out of six middle-aged female monkeys were ovulatory (peak progesterone >4 ng/ml) and of normal duration (Table 1) . Menstrual cycle phase could not be determined due to absence of menses for 25082 in two BEC time courses. Due to ovariectomy, one BEC time course determined in 25057 could not be associated with a specific menstrual cycle phase. Excluding these data, 55% and 45% of BEC time courses were collected in the follicular (average day: early, 25; late, 20) and luteal phases (average day, eight), respectively.
Since BEC time course was not measured for all cycle phases in all monkeys, the data from early and late follicular phases were collapsed together. A repeated measures ANOVA for mean progesterone revealed a main effect of cycle phase, F(1, 4)=30.6, p<0.01, with greater progesterone in the luteal compared to the follicular phase. In contrast, repeated measures ANOVAs for elimination rate, F(1, 4)=0.40, and peak (60-min) BEC, F(1, 4)=0.88, showed similar ethanol pharmacokinetics in the follicular and luteal phases (Fig. 2) . Middle-aged female monkeys showed greater peak (60-min) BEC (mean ± SEM, 103.9±7.2 mg/dl) compared to the two middle-aged male monkeys tested [63.2±0.2 mg/dl; t(5.0)=5.7, p=0.002].
Discrimination accuracy did not vary with menstrual cycle phase, F(2, 8)=0.07 or pre-treatment drug, F(1, 7)=0.07 (Fig. 3) . However, all except male 25079 and female 25083 were more accurate during ethanol compared to water training sessions. Figure 1 suggests that performance during ethanol and water training sessions began to diverge halfway into training, so the data in Fig. 3 were taken from the last 50% of training sessions, except for male 25079 and female 25057 for whom all discrimination training sessions were used. Only 25057 showed slightly greater water discrimination accuracy during the luteal compared to the follicular phase of the menstrual cycle.
Comparison of test drug substitution potency between young and middle-aged adult cynomolgus monkeys is Fig. 1 Percentage of responses on the ethanol-appropriate lever averaged across five-session bins in which water (open circles) or 1.0 g/kg ethanol (closed circles) was administered during discrimination training of middle-aged cynomolgus monkeys. a Monkeys 25057, 25078, and 25079 were previously trained to discriminate 1.0 g/kg ethanol and monkey 25070 was previously trained to discriminate 2.0 g/kg ethanol. b Naïve females shown in Table 2 . The sex difference in ED 50 for ethanol substitution for 1.0 g/kg ethanol observed in young adult monkeys was also observed in the middle-aged monkeys, although not confirmed statistically, t(7.9)=−1.9, p=0.09. Young adult and middle-aged monkeys' ED 50 did not differ for any test drug except midazolam, t(7)=−3.7, p<0.01 (ethanol, t(11) =−0.02; allopregnanolone, t(10)=−0.40; pregnanolone, t(9)=1.0; androsterone, t(8)=−0.48; pentobarbital, t(8)=−1.96, p=0.09). For midazolam substitution, the middle-aged male and female monkeys were also tested as young adults (Table 3) , and these values were included in the means for young adults in Table 2 .
In 12/15 within-subject comparisons (Table 3) , the test drugs substituted with similar efficacy for the discriminative stimulus effects of 1.0 g/kg ethanol up to 11 years after the first dose-response curves were measured. In three cases in which neuroactive steroids showed low efficacy in young adulthood, neuroactive steroids showed greater substitution efficacy when the monkeys were older. Specifically, for 25057, pregnanolone and androsterone partially substituted for ethanol during 1999 and 2002, but completely substituted in 2008. For 25078, androsterone did not substitute for ethanol during 1998, but completely substituted in 2008.
Within subjects, ethanol substitution potency did not significantly differ between young adulthood and middle age according to repeated measures ANOVA, F(1, 2)=0.07. The substitution potency of pentobarbital, F(1, 1)=0.11, and midazolam, F(1, 1)=0.11, did not differ significantly between young adulthood and middle age according to repeated measures ANOVA. Likewise, the potency of allopregnanolone did not vary with age, F(1, 2)=0.07. In 2001, 17.0 mg/kg pregnanolone partially substituted for ethanol in 25057 and increased response rate by approximately 30%. After this same dose in 2008, 25057 was not responsive in the chamber. Due to low efficacy of pregnanolone and androsterone in young adulthood, statistical comparison of ED 50 for these test drugs between young adulthood and middle age could not be conducted.
Discussion
These studies show consistent GABA A receptor involvement in the discriminative stimulus effects of ethanol over approximately one third of monkeys' life spans (averages 30 years in captivity). Of 15 dose-response curves characterized in middle-aged monkeys, zero show reduced substitution efficacy and only three showed increased efficacy (i.e., neuroactive steroid) compared to data from the same monkeys in young adulthood (Table 3) . Pregnanolone, allopregnanolone, and androsterone positively-modulate GABA A receptors (Park-Chung et al. 1999 ). The expression of GABA A receptors changes with age in rats (6-24-month old, Mhatre and Ticku 1992; 10-d to 18-month old, Yu et al. Fig. 2 Mean (±SEM) progesterone, peak BEC, and elimination rate by menstrual cycle phase (early follicular (EF), late follicular (LF), luteal (LU)) in 13-21-year-old female cynomolgus monkeys in the current study and young adult female cynomolgus monkeys (Green et al. 1999) a Data previously published in Grant et al. 2000 b One monkey ovariectomized, 25057 (see Table 3 )
c Saline vehicle not tested, water test data used for 25083 d 25079 (see Table 3) e Data previously published in Grant et al. 2008 Fig. 3 Mean (±SEM) Kemnitz et al. 2000; Schumacher et al. 2003) , and gonadectomized male (but not female) mice showed nearly four-fold greater GABA A receptor binding in forebrain membranes compared to mice that underwent sham surgery (Akinci and Johnston 1997) . In female rhesus monkeys, brain expression of GABA A receptor subunits varies with ovariectomy or ovariectomy with 17β-estradiol or 17β-estradiol plus progesterone replacement (Noriega et al. 2010) . Thus, altered potency or efficacy of neuroactive steroids with age could be due to hormonal-related changes in GABA A receptor expression. The current data, however, suggest that age-related differences in progesterone across the menstrual cycle did not greatly influence ethanol discrimination, substitution potency or efficacy. Within subjects, variation in endogenous hormones across the menstrual cycle did not influence accuracy of water or ethanol discrimination (Fig. 3) . Serum progesterone in middle-aged females in the current study was approximately two-fold lower than young adult female monkeys described by Green et al. (1999) . However, the efficacy and potency of ethanol and GABA A receptor positive modulators to substitute for the discriminative stimulus effects of ethanol was similar between the middle-aged monkeys tested in the current study and young adult monkeys (Table 2) . Thus, although endogenous progesterone-derived neuroactive steroids contribute additively to ethanol-like discriminative stimulus effects (i.e., allopregnanolone, Grant et al. 1997) , the GABA A receptor mechanisms mediating these effects are stable despite age-related changes in progesterone.
Peak BEC was slightly greater in middle-aged monkeys in the current study compared to data from young adult monkeys (Green et al. 1999 ; Fig. 2 ). Training dose influences substitution potency (e.g., Grant et al. 2000 Grant et al. , 2008 and affects brain concentrations of the drug during training. If age differences in ethanol pharmacokinetics affected substitution potency, all potency changes would be expected to be in the same direction (i.e., leftward or rightward). In contrast, the current study observed increases and decreases in potency of test drugs within the same individuals, implicating pharmacodynamic factors.
Changes in pharmacokinetics could account for age-related changes in the potency of test drugs to substitute for ethanol, i.e., the lower potency of midazolam in middle-aged monkeys compared to young adults (Table 2) . Albrecht et al. (1999) reported that 24-28 and 67-81-year-old men did not differ in a majority of pharmacokinetic parameters, but midazolam was distributed more slowly in aged men. Intestinal metabolism of oral midazolam is greater in cynomolgus monkeys compared to humans (Takahashi et al. 2010) , suggesting that humans may be more sensitive to midazolam compared to monkeys. However, both cynomolgus monkeys (Kanazu et al. 2004 ) and humans (Thummel and Wilkinson 1998) metabolize midazolam via cytochrome P450 3A enzymes, with no difference between young and aged adult humans (Klotz 2009 ).
The naïve middle-aged monkeys in the current study showed weak ethanol stimulus control despite greater peak BEC compared to previously published data from young adult monkeys (Green et al. 1999 ; Fig. 2 ). Twice as many trials were required for 28-34-year-old rhesus monkeys to discriminate exteroceptive visual stimuli with 85% accuracy compared to 8-13-year old monkeys. In contrast, aged and young adult monkeys required similar numbers of trials to acquire a spatial discrimination (Voytko 1999 ). An inverse correlation is observed between sensitivity to an interoceptive stimulus (i.e., heart beat) and age in humans (Khalsa et al. 2009 ). Thus, interoceptive ethanol-related stimuli may be less salient in aged compared to young adult individuals. Exposure to ethanol or ethanol discrimination training in young adulthood may facilitate behavioral control by ethanollike discriminative stimulus effects in middle age, consistent with the decreased odds of alcohol dependence when drinking begins at a later age (Grant et al. 2001) . Two previouslytrained monkeys attained criterion performance after <30 sessions, whereas naïve young adult (Grant et al. 2000) and middle-aged (present study) monkeys require >100 sessions to criterion performance, indicating memory for ethanol discrimination despite an approximately 3-year lapse in training. The present study suggests that GABA A receptors are likely to mediate the discriminative stimulus effects of ethanol for at least one-third of the human lifespan, which is approximately 78 years in the United States (Central Intelligence Agency 2009). This is an important consideration given that alcoholism is a long-term chronically relapsing disease that often begins in young adulthood (O'Brien and McLellan 1996) .
